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ABSTRACT

In this period of performance, July 28, 1993 - March 28, 1995, a conference (The 1994

Conference on Advanced Earth-to- Orbit Propulsion Technology) was organized and

implemented by The University of Alabama in Huntsville and held May 15 - 17 to assemble and

disseminate the current information on the Advanced Earth-to-Orbit Propulsion Technology. The

results were assembled for publication as NASA CP 3282, Volume 1 and 2 and NASA CP-3287.

BACKGROUND

In the development of the Space Shuttle Main Engine (SSME) and the Space

Transportation Main Engine (STME) it was felt by NASA that upgrading the capabilities of this

engine concept was necessary in order to meet the challenge of the space transportation system

needs for the future. The Marshall Space Fight Center (MSFC) was given the lead role to

identify technology opportunities, develop multi-year plans and to oversee the implementation

of these plans with the assistance and involvement of the Lewis Research Center. The overall

objective of this program is the establishment of basic discipline technology necessary for an

orderly evolution of high pressure oxygen-hydrogen stage combustion rocket engines to meet

the needs of the earth-to-orbit space transportation for the next twenty-thirty years. It is

expected that the accomplishments of these objectives have contributed to the nation's space

program through providing a sound technological foundation for improvement in the technical

specialties of rotor dynamics, structural dynamics, fluid and gasdynamics, fatigue/fracture

mechanics/life, turbomachinery fluid mechanics, ignition/combustion processes, NDT/NDE

inspection method, manufacturing/producibility, materials development/evaluation, cryogenic

bearings, and instrumentation.

Since 1984 a series of conferences describing the research achievements on the NASA-

wide research and technology programs dealing with advanced oxygen/hydrogen and

oxygen/hydrocarbon earth-to-orbit propulsion has been held at Marshall Space Flight Center.

The purpose of these conferences was to provide a forum for the timely dissemination to the

propulsion community of the results emerging from this program with particular emphasis on

the transfer of information from the scientific/research to the designer.

The first conference on the oxygen/hydrogen program was held at MSFC, on June 27-29,

1984. Proceedings of that conference entitled "Advanced High Pressure 02/H 2 Technology"

were published as NASA Conference Publication 2372. A copy of the Table of Contents and

participants list of this proceedings is included in Appendix I. Subsequently, NASA's separate

research and technology programs dealing with oxygen/hydrogen and oxygen/hydrocarbon

propulsion were combined into one program entitled "Advanced Earth-to-Orbit Propulsion

Technology". The second conference proceedings entitled "Advanced Earth-to- Orbit

Propulsion Technology, Volumes I and II" were published as NASA Conference Publications

2436 and 2437. A copy of the table of contents and participants list of this proceedings is

included in Appendix II. That conference was held on May 13-15, 1986. The third conference



on thesesubjectswasheldon May 10-12, 1988. The third conference proceedings entitled

"Advanced Earth-to-Orbit Propulsion Technology" were published in two volumes as NASA

Conference Publication 3012. A copy of the table of contents and participants list is included in

Appendix III. The fourth conference on these subjects was held on May 12 - 15, 1990. The

fourth conference proceedings entitled "Advanced Earth-to-Orbit Propulsion Technology -

1990" were published in three volumes as NASA Conference Publication 3092. A copy of the

table of contents and participants list is included in Appendix IV. The fitch conference on these

subjects was held on May 19-21, 1992. The fitth conference proceedings entitled "Advanced

Earth-to-Orbit Propulsion Technology 1992" were published as in two volumes as NASA

Conference Publication 3174. A copy of the table of contents and participants list is included in

Appendix V. In addition a proceedings entitled Hydrogen Effects on Materials in Propulsion

Systems was assembled and submitted to NASA/MSFC in July 1992 for publication. A copy of

the table of contents and participants list is included in Appendix VI. The sixth conference

proceedings entitled "Advanced Earth-to-Orbit Propulsion Technology" were published in two

volumes as NASA Conference Publication 3282. A copy of the table of contents and

participants list is included in Appendix VII.

The program grew significantly from 9 sessions, with 43 papers in the first conference to 22

sessions, and 1 workshop. A total of 131 papers was presented in the 22 regular sessions which

were included in the proceedings. An additional 30 presentations were made in the workshop

and are being published separately. The attendance has approximately doubled from just over

200 in 1984 to about 400 in 1994. The contents of the conference was originally organized into

ten topics and has grew to eleven topics and the 1994 coference was organized into ten topics

which include: Materials Development, Manufacturing and Inspection, Instrumentation,

Turbomachinery, Fluid and Gas Dynamics, Ignition and Combustion, Fatigue/Fracture/Life,

Bearings, Structural Dynamics, and Controls and Health Monitoring. Additionally, a

Hydrdogen Environment Embrittlement in Advanced Propulsion Systems Workshop was

conducted concurrently with the 1986 conference, during the 1988 conference a workshop on

the Status Review of Hyrodcarbon-Fuels/Copper Materials Compatibility was held and during

the 1990 conference two workshops (Hydrogen Standardization Workshop and Efficient Engine

Workshop) were conducted. The presentations at the 1986 workshop were published in the

conference proceedings, the 1988 workshop was composed of informal discussions and

manuscripts were not prepared, and the 1990 workshop presentations were published in the

conference proceedings. In 1992, three special sessions concentrating on Fluid/Struction

Interaction, Robust Turbopump, Turbomachinery Seals and two workshops entitled Propulsion

System Avionics and Hydrogen Effects on Materials in Propulsion Systems were conducted

concurrently with the conference. A workshop entitled "Aluminum Lithium Alloys for

Aerospace Applications" was held in conjunction with the conference and the proceedings are

published separately as NASA CP-3287.

The Marshall Space Flight Center Advanced Earth-to-Orbit Propulsion Technology program

is a long standing program. Proper interaction between industry/university and government

communities are necessary. It has been demonstrated by each of these conferences that we



wereableto fill this need to provide a forum for these agencies. Specific task are included in
the next section.

SPECIFIC TASKS ACCOMPLISHED

Implementation of the program was accomplisehd by the following specific tasks:

I. Together with the designated MSFC personnel, the P.I. coordinated the activities

involve in one Advanced Earth-to-Orbit Propulsion Technology Conference held May

17- 19, 1994.

. Preliminary preparation for the conference was accomplished by updating the mailing list

used for the 1994 conference, scheduling anticipated dates with the approval of the

MSFC personnel as well as draiting a preliminary announcement for MSFC personnel

approval.

3. The P.I. with the approval of the designated MSFC personnel selected the members of

the technical committee for the conference.

4. The P.I. with the approval of the designated MSFC personnel selected scientists and

engineers to participate in the conference.

5. The P.I. together with the members of the technical committee selected papers for

presentation in the conference.

6. The P.I.'s office provided all the necessary logistic and technical support for the

preparation and duration of the 1994 conference.

. The P.I. was responsible for assembling all the papers presented at the conference,

compling a table of contents, pagation, author index, foreword, and delivering the

assembled proceedings to MSFC for publication.

The preparation and distribution of the 1994 conference proceedings as NASA CP

3282, Volumes I and I and NASA CP-3287 constituted the final report for this effort.
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UNIVERSITY OF ALABamA IN HUNTSVILLE

MS: SB2AO

CHEMISI_RY DEPAI_TMENT

HUNTSVILLE, AL. 35899

JOHN M. KA7.AROKF

NASA/LEWIS RESEARCH CENTER

KS: 500-220

21000 BROOKPARKROAD

CLEVELAND, OHIO &4135

STEPHEN L. KERKHOF

UNITED TECHNOLOGIES/USBI

MS/ N6000

P.O. BOX 1900

HUNTSVILLE. AL. _5807

L. A. KIEFLIN$

ED 22

NASA/MSFC

MA.RSHALL SPACE FLIGHT CENTER. AL

FRANK M. KIRBY

W.J, SCHAFER ASSOCIATES

20501 VENTURA BLVD.

WOODL_D HILLS. CA. 91364

KATHLEEN E. KIR_

ROCKWELL INT./ROC.KETD%_E DIVISION

MS: IBI7

6633 CANOGA AVE.

_5S!2--



THOMASD. KMIEC
PRATT& WHITNEY
MS: 731-90
P.O. BOX 109600

WEST PALM BEACH. FL. 33410-9600

DANIEL P. KOSTER

USAF

FTD/SDMEP

WRIGHT-PATTERSON AFB, OHIO 45433-650A

DR. RICHARD D. KRAMER

SRS TECHNOLOGIES

990 EXPLORER BLVD., N.W.

HUNTSVILLE. AL 35806

PHILLIP D. KROTZ

ROCKWELL INTEP, NATIONAL/ROCKDY_:E DIVISION

WB21

6633 CANOGA AVE.

CANOGA PARK. CA. 91303

JOHN LANSAW

AEROJET TECHSYSTEMS

700 BOULEVARD SOUTH, SUITE 306

HUNTSVILLE, AL. 35802

TINA LANSAW

AEROJET TECHSYSTEMS

SUITE 306

700 BOULEVARD SOUTH

HUNTSVILLE, AL. 35802

JAMES E. LEE

EE 81

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

THOMAS J. LEE

DA Ol

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

DAVID R. LEMOINE

PRATT & WHITNEY

MS: 711-62

P.O. BOX 109615

WEST PA/.M BEACH, FL. 33&i0-9600

ANITA LIANC

NKSA/LE_S RESEARCH CENTER

21000 BROOKPARK ROAD

CLEVELAND, OHIO 44135

CURT H. LIEBERT

NASA/LEWIS RESEARCH CENTER

MS: 77-i

21000 BROOKPARK ROAD

CLEVELAND. OHIO 44135

C.C. LIMBAUGH

SVERDRUP/AEDC

MS: 900

ARNOLD AFB. TN. 37389

STEVEN W LINGAR

EB 22

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL, 35812

J. WAYNE LITTLES

DD 01

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

JAMES LOBITZ

ROCKWELL IXT./ROCKETDY_.;E DIVISION

MS: IAI8

6653 CANOGA AVE.

CANOGA PARK, CA. 91303

CARL F. LORENZO

NASA/LEWIS RESEARCH CENTER

MS: 2550/77-1

21000 BKOOKPAP, K ROAD

CLEVELAND, OHIO 44135

F. J. LOSS

MATERIALS ENGINEERING ASSOCIATES

9700-5 MARTIN LUTHER KING JR H_A'

LANTH_, MD. 20706

WAYNE B. LUNN

PRATT & k-HITNEY

MS 732-17

P.O. BOX 109600

WEST PALM BEACH, FL 33410-9100

MICHAEL J. LUSAS

W'YLE LABORATORIES

2001 JEFFERSON DAVIS HIGHWAY, SUITE 701

ARLINGTON, VIRGINIA 22202

JJ



JACKMACPHERSON
ER21
NASA/MSFC
MARSHALLFLIGHTSPACECENTER,AL 35812

GEORGEM.ADZSA.R
NASA/LE_ISRESEARCHCE_;TEK
21000BROOKPARKRD,
CLEVELAND.OHIO _4135

LAURENMAHORTER
ED35
NASA/MSFC
MARSHALLSPACEFLIGHTCENTER,AL 35812

BHASKARS. MAJU_DAR
BATTELLE COLUMBUSDIVISION
505KINGAVENUE
COLUMBUS.OH43201-1693

DARBYB. MA.KEL
AEROJETTECHSYST_MS
MS: 9990/2019
P.O. BOX15222
SACRAMENTO,CA. 95813

CLOVIS B, MALMEDE

EL 53

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL 35812

RON MARMOL

SVERDRUP TECHNOLOGY

620 DISCOVERY DRIVE

HUNTSVILLE, AL. 35806

LISA C. MARTIN

NASA/LEWIS RESEARCH CE:_TEK

MS: 77-1

21000 BROOKPAR.K RD.

CLEVELAND. OHIO Ag135

DAVID E. MARTY

$RS TECHNOLOGIES

990 EXPLORER BLVD,

h'I/NTSVILLE. AL. 35806

JOHN R. MASON

PRATT & WHITNEY

MS: 731-93

P.O. BOX 109660

WEST PALM BEACH. FL. 33410

SUKHDEV S. P_THARU

MDSSC

MS: 71AI

689 DISCOVERY DR.

HUNTSVILLE, AL 35806

DOUGLAS MATSON

AEROdET TECHSYSTEMS

700 BOULEVARD SOUTH, SUITE 306

HUNTSVILLE, AL. 25802

ROBERT MCAMIS

SVERDRUP TECHNOLOGY. AEDC GROUP

MS/ 980

ARNOLD AFB, T_. 37389

JIM MCBRIDE

ED 23

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER, AL 35_12

JOHN P. MCCARTY

EP Ol

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

PAUL MCCONNAUGHEY

ED 32

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

GEORGE MCDONOUGH

EA Ol

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35_ii

MICHAEL A MCGAW

NASA/LEWIS RESEARCH CENTER

MS: &9=7

21000 BROOKF_2J[ ROAD

CLEVELAND, OHIO &_135

TIMOTHY MCKECHNIE

ROCKETDYNE

SUITE 45

2227 DRAKE AVE

HUNTSVILLE, AL 35805

BRYAN MCPHERSON

EH 23

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER. AL. 35811



SCOTT E. McVEY

ROCKWELL INT./ROCKETDIT[E DIV!SIO_;

MS: IA32

6633 CANOGA AVE.

CANOGA PAIR/I, CA. 91303

CRAWFORD R. MEEKS

AVCON-ADVANCED CONTROLS TECHNOLOGY. I_C.

19151 PARTHENIA ST , UNIT G

NORTHRIDGE, CALIFORNIA 91324

CAROLYN MERCER

NASA/LEWIS RESEARCH CENTER

MS: 77-1

21000 BROOKPARK ROAD

CLEVELAND, OHIO 44135

WALTER MERRILL

NASA/LEWIS RESEARCH CENTER

MS/ 77-1

21000 BROOKPAP, K ROAD

CLEVELAND, OH. _135

L_THER!NE MIMS

ED 22

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

JAMES B. MIN

ED 25

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL, ]5812

PAMELA M. MITCHELL

MARTIN MARIETTA

MS/3016

P.O. BOX 29304

NEW ORLEANS, LOUISIA_A 70189

BEN MOATES

SVERDRUP TECHNOLOGY

620 DISCOVERY DRIVE

HUNTSVILLE. AL. 35806

THOMAS B. MOBLEY

MARTIN MARIETTA

MS/3018

P.O. BOX 29304

NEW ORLEANS, LOUISIANA 70189

DAKIUSH MODARKESS

PHYSICAL RESS_RCH, !_:C.

25500 HAWTHORNE BLVD.. SUITE 2300

TORRANCE. CA. 90505

JOHN H MOLL

CRUCIBLE RESEARCH

PO. BOX 88

PITTSBURGH. PA. 15230

BOBBY T. MONEY

EB 22

NASA/MSFC

._L_RS_LL SPACE FLIGHT CENTER AL 35812

JAMES MOORE

SRS TECHNOLOGIES

990 EXPLORER BLVD.

HUNTSVILLE, AL. 35806

DONALD MORACZ

_HTC - TEXTRON

BUILDING 37

23555 EUCLID AVEUNE

CLEVELAND. OH 44117-!798

SAVERIO F. MOREA

HA 32

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER AL 35812

J. MOSES

ER 21

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER AL 35S!2

JEFFREY LEE MUSGRAVE

NASA/LEWIS RESEARCH CEh_ER

MS: 77-I

21000 BROOKP__R_[ ROAD

CLEVEL/UXD. OHIO _4135

CYNTHIA L ,_TZ

ED 25

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER. AL. 35812

DR. YNGVE NAERHEIM

ROCKWELL INTER_NATIONAL SCIENCE CENTER

MS : AI2

1049 CAMINO DOS RIOS

THOUSAND OAKS, CA. 91360



SHELIAK NASH-STEVENSON
EB22
NASA/MSFC
MARSHALLSPACEFLIGHTCENTER,AL ]5812

ADNANH. NAYFEH
UNIVERSITYOFCINCINNATI
MS: 70
AEROSPACEENGINEERING
CINCINNATI, OHIO 45249

JOSEPH H. NLMEROFF

UNITED TECHNOLOGIES/USB!

MS/ N6000

P.O. BOX 1900

HUNTSVILLE, AL. 35807

ED NEMETH

ROCKWELL !NT./ROCKETDk_E DIVISION

MS: IB-27

6633 CANOGA AVE.

CANOGA PARK. CA. 9,1303

THOMAS NESMAN

ED 33

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

DAN NGUYEN

USAF

FTD/SDMEP

WRIGHT-PATTERSON AFB, OHIO 45433-650A

WILLIAM C. NIEBEKDING

NASA/LEWIS RESEARCH CENTER

MS: 77-1

21000 BROOKPAKK ROAD

CLEVELAND, OHIO 44155

DAVID M. NISSLEY

PRATT & WHITNEY. DIVISION OF UTC

MS/163-01

400 MAIN STREET

EAST HARTFORD. CT. 06108

SHERIF T. NOAH

TEXAS A & M UNIVERSITY

MECHANICAL ENGINEERING DEPT.

COLLEGE STATION, TEXAS 77843-3123

._%NOLD X. NORM,_2:

ROCKWELL I:;TE_NATIONAL/ROCKETDh_:E DIVISIO:;

MS: IB03

6633 CANOGA AVE.

CANOGA PAR_K. CA. 91304

CHARLES J. O'BRIEN

AEROJET TECHSYSTLMS

DEPT. 9911, BLDG. 2019

P.O. BOX 13222

SACRAMENTO, CA. 95813-6000

NELSON OLINGER

CT 22

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL 35812

KEVIN O°HA-RA

ROCKETDYNE DIVISION/ROCKWELL INTERNATIONAL

MS: RA02

2227 DRAKE AVE.. SUITE _5

HUNTSVILLE. AL. 35805

RENE ORTEGA

ED 25

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER, AL. 35812

SAMUEL F. OWENS, JR.

SVERDRUP TECHNOLOGY

620 DISCOVERY DR.

HUNTSVILLE, AL. 35806

MILTON A. PAGE

UNITED TECHNOLOC!ES,_SBI

MS/N6000

P.O, BOX 1626

HUNTSVILLE. AL. ]580_

ALAN PALAZZOLO

TEXAS A&M UNIVERSITY

DEPT. OF MECHANICAL ENGINEERING

COLLEGE STATION, TEXAS 77843-3123

HAGOP V. PANOSSIAN

ROCKWELL INTE_NATIONAL/ROCKETDYNE DIVISIO::

MS: JBII

6633 CANOGA AVE

CANOGA PARK, CA. 91303

ORIGINAL PAGE IS
OF POOR QUALITY



_. j. PARK

EH 23

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER. AL 35812

DR. JIN PARK

AMAX RESEARCH & DEVELOPMENT CENTER

5950 MCINTYRE ST.

GOLDEN. COLORADO 80403

DANIEL PAXON

NASA/LEWIS RESEARCH CENTER

21000 BROOKPARK ROAD

CLEVELAND, OHIO 44135

LEIGH ANN PERKINS

ED 25

NASA/MSFC

MARSHALL SPACE FLIGHT CENTEK. AL. 35812

ARLEN PETERSEN

ROCKETDYIqE

MS: IB01

3366 CANOGA PARK, CA. 91303

D.W. PETRASEK

NASA/I,E_IS RESEARCH CENTER

MS: 5120/106-1

21000 BROOKPARK ROAD

CLEVELAND, OHIO a4135

JERRY L. PIEPER

AEROJET TECHSYST_MS

DEPT. 9962 BLDG. 2019

P.O. BOX 1322

SACRAMENTO, CA. 95813

DAR/,ENE POKORA

ED 35

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

JOHN C. POOLEY

SPARTA

4901 CORPORATE DRIVE

HUNTSVILLE, AL 35805

WILLIAM T. POWERS

EB 22

NASA/MSFC

MARSHA/J, SPACE FLIGHT CENTER, AL. 35812

JOHN TM _ !"'-

ED 25

NASA/MS FC

MARSHALL SPACE FLIGHT CENTER. AL. 35812

RICHARD J. PRIEM

PRIEM CONSULTANTS

13533 MOHAWK TR

MIDDLEBURG HTS., OHIO 44130

DR. ANDRZEJ J. PRZEKWAS

CFD RESEARCH CORPORATION

3325-D TRIANA £LVD.

HUNTSVILLE, AL. 35805

RICHAPd3 J. QUENTMEYER

SVERDRUP TECHNOLOGY, INC.

NASA/LERC 500-219

21000 BROOKPARK RD.

CLEVELAND, OH. _a135

PAUL E. RAMSEY

ED 35

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

JEFFERY L. RATLEY

EB 22

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

DARREN REED

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

CHARLES B. REID

SVERDRUP TECHNOLOGY

620 DISCOVERY DR

HUNTSVILLE, AL. 25806

DOUG KEWINKEL

SVERDRUP TECHNOLOGY

MS: MPO

620 DISCOVERY DR.

HUNTSVILLE, AL. 35806

DOUGLAS R. RICHAR/)S

SVERDRUP TECHNOLOGY

MS: MP6

620 DISCOVERY DR.

HUNTSVILLE, AL. 35806



J. STEVERICHARDS
EP01
NASA/MSFC
MARSHALLSPACEFLIGHTCENTER,AL 35812

ROBERTJ. RICHMOND
ER21
NASA/MSFC
MARSHALLSPACEFLIGHTCENTER.AL 35812

RUSSELE. RHODES
NASA
MS:TV-FSD
KENNEDYSPACECENTER,FL. 32899

SHELBYGLENROBERTS
MARTINMARIETTA
BLDG.4708, ROOM206
MARSHALLSPACEFLIGHTCENTER,AL. 35812

MAXA. ROLER
SVERDRUPTECHNOLOGY,AEDCGROUP
980
ARONOLDAFB.T:; 37389

DR. SANDERSD. ROSENBERG
GENCORPAEROJET
BLDG2019A/DEPT9990
P.O. BOX13222
SACRAMENTO,CA 95813-6000

JOMN H. RUMBARGER

FRANKLIN RESEARCH CENTER

MS: VALLEY FORGE CORPOraTE CENTER

2600 MONROE BLVD

NORRISTOWN, PA 19aO3

ROBERT S. RYAN

ED Ol

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL 25812

DR. LUIS SAN KNDRE5

TURBOMACHINERY LABORATORY

DEPT. OF MECHANICAL ENGINEERING

TEXAS A & M UNIVERSITY

COLLEGE STATION, TEXAS 77843-3123

JEFFREY SANDERS

liT RESEARCH INSTITUTE

BLDG. 4618

MARSBALL SPACE FLIGHT CENTER, AL. 35812

STEVEN i. SASSO

M__RTIN MARIETTA

nS _ T310

P.O. BOX 179

DENVER, CO 80127

J._MES L. SAUNDERS

SVERDRUP TECHNOLOGY/AEDC

MS: 900

.ARNOLD AFB, TI:. 37389-9998

D. D. SCMM!DT

EH 23

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL 35812

LUKE SCHUTZEHHOFER

ED 32

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL 35812

IVAN C. SEVENSON

THIOKOL CORPORATIG::

MS: 280

P.O. BOX 707

BRIGHAM CITY. UT. 8&302-0707

KEN SHIH

McDONNELL DOUGLAS

689 DISCOVERY DR.

HUNTSVILLE. AL. 35806

DR. ROCH SHIPLEY

MMTC - TEXTRON

BUILDING 37

23555 EUCLIC AVEN_E

CLEVELAIND, OH 44117

JOHN A. SHIRLEY

UNITED TECHNOLOGIES RESE_EZE SEE;TEE

129-90

SILVER LANE

EAST HARTFORD, _ 06108

JOHN W. SHORT

ASTRONAUTICS LABORATORY (AFSC)

MS: AL/TOAC

EDWARDS AIRFORCE BASE, CA. 93523-5000

ORIGINAL PAGE IS

OF POOR QUALITY



JAMES D. SIEGWARTH

NIST/ US DEPT. OF COMMERCE

MS: 583.2

325 BROADWAY

BOULDER, CO. 80303

KAJ N, SINGH

GENERAL ELECTRIC

KI/4A32

P.O. BOX 8

SCHENECTADY, N.Y. 12301

DR. ASHOK K. SINGHAL

CFD RESEARCH CORPORATION

3325-D TRIANA BLVD.

HUNTSVILLE, AL. 35805

ANDREW J. SLIFL<, I!i

NIST

MS/583.00

325 BROADWAY

BOULDER, CO. 80303

DONALD P. SLOTEMAN

INGEVESOLL-RAND CO.

942 MEMORIAL PARKWAY

PHILLIPSBURG, N.J. 08665

ANDREW SMITH

ED 35

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

TODD SMITH

SVERDRUP TECHNOLOGY. INC.

MS: SVR/2

2001 AEROSPACE P._dIKWAY

CLEVELAND, OH -4142

DALE SOUTHWICK

PRATT & WHITNEY

MS. 731-94

P. O. BOX 109600

WEST PALM BEACH. FL 33410

LARRY L. SPARKS

NIST

MS: 583.00
325 BROADWAY

BOULDER, COLORADO 80303-3328

OF _OOR QUALITY

R. GORDON SPEAR

AEROJET TECHSYSTLMS

MS: 9915/2019

P.O. BOX 13222

SACRAMENTO, CA. 95813-6000

WILLIAM D. SPROUL

BIRL. NORHTWESTE_N UNIVERSITY

1801 MAPLE AVE.

EVANSTON, ILL. 60201

RODERICK STALLWORTH

ED 25

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL.

DR. W.D. STEPHENS

US AI_MY M!SSLE CO._D

AMSMI-RD-PR

P.O. BOX 12652

HUNTSVILLE. AL. 35815

DAVID R. STONE

RS

NASA HEADQUARTERS

WASHINGTON, DC 20546

JOSEPH P. STRIZA/<

OAK RIDGE NATIONAL LABORATORY

BUILDING 4500-S, MS: 6155

P.O. BOX 2008

OAK RIDGE, TN. 37831-6155

HEINZ G. STRUCK

ED 31

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL.

JOE SUTTER

NATIONAL TECHNICAL SYSTEMS

20988 GOLDEN TRIANGLE RD.

SZUGVS, CA. 91350

WAYNE L. SWANSON

WYLE LABS

DEPT. 572

P.O. BOX 070011

HUNTSVILLE, ALA. 35807-7011

35812

25915



M. SHAYNESWINT
NASAHEADQUARTERS
MS:ME
600 INDEPENDENCEAVE.
WASHINGTOND,C.

GOPALD. TEJWANI
SVERDRUPTECHNOLOGIES.i::C.
SSCGROUP
BLDG.2109
STENNISSPACECENTER, MS 39529

JAMES E. THAYER

lit RESEARCH INSTITUTE

BLDG. 4618

MS: EH23

MARSHALL SPACE FLIGHT CENTER. AL. 35812

LINNIS G. THOMAS

EB 44

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL 35812

CECIL W. THOMPSON, JR

EB 22

NASA/MSFC

MARSHAl/. SPACE FLIGHT CENTER. AL 35812

JAMES F. THOMPSON

PD 13

NASA/MSFC

MA_HALL SPACE FLIGHT CENTER, AL 35812

DR. RAYMOND C. THOMPSON

UNIVERSITY OF ALABAMA AT BIRMINGHAM

DEPT, OF MATERIALS SCIENCE & ENGINEERING

UAB STATION

BIRMINGHAM. AL 35294

WAYNE THOMPSON

SPARTA

4901 CORPORATE DRIVE

HUNTSVILLE. AL 35805

ROBERT E. THOMPSON

TELKDYNE BROWN ENGINEERING

MS: 46

300 SPARKMAN DR.

P.O. BOX 070007

HUNTSVILLE, AL. 35807-7007

GEORGE TOVAR

EJ 81

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

HLT P TRINH

EP 55

NASA/MSFC

.MARSHALL SPACE FLIGHT CENTER. AL. 35812

LINDA TUEGEL

ROCKWELL INT./ROCKERDYNE DIVISION

MS: IA06

6633 CANOGA AVE.

CANOGA PARK, CA. 91303

KATHY TYCIELSKI

EP 62

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL. 35812

PHILIP TYGIELSKI

EP 64

NASA/MSFC

,MARSHALL SPACE FLIGHT CENTER, AL, 35812

DONALD H. UTVIK

UNITED TECHNOLOGIES CORP-,RES. CENTER

MS: 29

SILVER LANE

EAST HARTFORD. CT, 06108

KEN VADASY

ROCKWELL INT./ROCKETDk_E DIVISION

555 DISCOVERY DR.

HUNTSVILLE, AL. 35806

ELIZABETH L. VALENTI

SVERDRUP TECHNOLOC'f

BLDG. 2109

STENNIS SPACE CENTER. M_ 39529

DONALD P. VALLELY _

ED 14

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER, AL 35812

LAWRENCE E. VAN BIBBER

WESTINGHOUSE ELECTRIC CORPORATION

ADVANCED ENERGY SYSTEMS DIVISION

P.O. BOX 10864

PITTSBURGH, PENNSYLVANIA 15236-0864



DAVIDB. VANDYKE
SVERDRUPTECHNOLOGIES,INC.
SSCGROUP
BLDG.2109
STENNISSPACECENTER,MS 39529

ROBERTH. VANSTONE
GEAIRCRAFTENGINEERING
MS:A333
i NEUMANNWAY
CINCINNATI,OHIO 45215

CHARLES P. VICK

INSTII-JTE FOR SPACE A/qALYS!S

6620 OLD MADISON PIKE, =113

HUNTSVIL/.E, AL. 35806

DR. NICHOLAS S. VLACHOS

CHAM INC.

1525A SPARY.MA.N DR.

HUNTSVILLE, AL. 35816

JON C. VOi/_

ROCKWELL INTERNATIONAL/ROCKETDh_E DIVISION

6633 CA_NOGA AVE.

CANOGA PARK, CA. 91303

GEORGE L. VON PRAGENAU

ED 14

NA_A/MSFC

MARSHALL SPACE FLIGHT CENTER, AL. 35812

DR. R.H. WOODWARD WAESCHE

ATLANTIC RESEARCH CORPORATION

5945 WELLINGTON ROAD

GAINESVILLE, VA. 22065

GLEN S. WALDROP

ROCk'_LL INTER/qATIONAL/ROCKETDYI_E DIVISION

MS: RFOI

ROOM 1090 O&C BLDG.

JOHN F. KENNEDY SPACE CENTER, FL. 32899

J.F. W_KF/

NASA/LEWIS RESEARCH CENTER

MS: 5310/500-219

21000 BROOKPAP.K ROAD

CLEVELAND. OHIO 44135

GABRIEL R. WALLACE

RESEARCH & TECHNOLOGY OFFICE

ER Ol

NASA/MSFC

MARSHALL SPACE FLIGHT CENTER. AL. 35812

TIM L. WALLACE

SVT

MS: 900-EL3

ARNOLD AFB, T::. 37389-9998

JAMES F. WALTON

MECHAICAL TECHNOLOGY INC.

968 AL.BR/FY-SHA/<ER RD.

LATHAM, NY 12110

ALEX WANG

McDONNELL DOUGLAS

MS : 12B2

689 DISCOVERY DR,

HUNTSVILLE, AL.

WILLIAM W. WANG

AEROSPACE CORPORATION

MS: M4-1970

2350 EAST ELSEQGUNDO BLVD

ELSEGUNDO, CA. 90245

STEVEN D. WARD

GENERAL ELECTRIC AIRCRAFT ENGINES

A311

i NEUMAN WAY

EVENDALE. OHIO &5215

JAMES T WATKINS

HA 41

NASA/MSFC

._SHALL SPACE FLIGHT CENTER. AL 25812

TOMMIE WATKINS, JR.

PRATT & WHITNEY

MS: 707-22

P.O. BOX 109600

WEST PALM BEACH, FL. 33410-9600

LAVERN D. WEDEVEN
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